Abstract The aim of this paper is the evaluation of the hydromorphological conditions of mountain rivers subject to extensive human activities. The hydromorphological state of a river depends on a high number of natural and anthropogenic characteristics, such as the presence of weirs, dams, or any other human infrastructure close to the riverbanks. The research focused on the mountain streams in Lake Maggiore catchment, located in the Italian Alps. The analyses were carried out using the method CAR-AVAGGIO (Core Assessment of River hAbitat VAlue and hydromorpholoGIcal cOndition), which complies with the EC Water Framework Directive. An intensive campaign of field surveys was conducted and a great amount of data was collected to obtain specific synthesis indexes. In particular, the Habitat Quality Assessment (HQA) and the Habitat Modification Score (HMS) were used to determine the diversification of natural characteristics and the level of hydromorphological alteration in the study area. Furthermore, a Lentic-lotic River Descriptor (LRD) was used in support of the information obtained by HQA and HMS. This research shows that the worst hydromorphological conditions can be found in rivers characterised by a high level of human constructions and hydropower plants. Finally, regression analyses were implemented to search a relationship between HQA, HMS and some morphological parameters. LRD was correlated to some hydraulic parameters. The results of this research are characterised by a high stochasticity.
Introduction
Nowadays, mountain rivers are one of the ecosystems that are more affected by human activities around the world (Sala et al. 2000; Gleick 2003; Wohl 2005; Sundermann et al. 2011) . Contemporary human influence on streams and rivers threatens the sustainability of 'ecosystems services', i.e. all the services provided by ecosystems (Millennium Ecosystem Assessment 2005) . In mountain areas, extensive changes in the channel habitat of rivers and streams, as well as in their nearest environment, are evident (Bucala and Wiejaczka 2015) . In particular, hydromorphological impacts can affect stream channels, riparian areas and floodplains either directly, as a result of activities undertaken within the stream channel, or indirectly, from activities within the watershed (Wohl 2006; Elosegi and Sabater 2013) . As an example, straightening, channelisation, damming or disconnection from the floodplains are the main activities altering the hydrology and the morphology of most rivers (Reckhow et al. 2005; Smith et al. 2007 ). Significant changes in the natural environment of river catchments result also from an increase in the number and density of buildings and other human infrastructures, such as roads (Forman and Alexander 1998; Trombulak and Frissell 2000) .
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In the Alpine region, mountain rivers have modified their channel morphology in response to both natural and humaninduced pressures, over the last decades (Comiti 2012) . Nowadays, most of the Alpine rivers are dammed (Truffer et al. 2001) . Dams are able to capture high water flows and store them for later use: this can result in lowered flood peaks, changes in timing, frequency and duration of high and low flows and in an alteration of the natural rates at which rivers rise and fall during runoff events (Richter and Thomas 2007) . River regulation modifies hydrological, hydromorphological and biological variables and its effects are difficult to predict (Jansson et al. 2000) . In this context, it is clear that various factors determine the health of a river ecosystem (Norris and Thoms 1999) , such as water quality, river flow and physical structure of the channel and the riparian zone (Acreman and Dunbar 2004) . Among these factors, hydromorphological characteristics have an important role, since they have a strong influence on river ecology (Vaughan et al. 2009 ). In particular, the habitat quality of rivers is considered a reflection of their hydromorphological state: in general, the higher the number and diversity of natural features, the better are the conditions of a river habitat. However, anthropogenic infrastructures modify the habitat of a river (Environment Agency 2003) . The evaluation of the hydromorphological state of rivers is one of the requirements contained in the Water Framework Directive (WFD) (European Commission 2000) . It requires member states to achieve 'Good Status' in both surface and ground waters. 'Good Status' is the combination of 'Good Chemical Status' and 'Good Ecological Status', which is based on four elements for rivers: macroinvertebrates, macrophytes, fish and phytobenthos. Furthermore, it includes supporting elements affecting the biological status, such as water depth and channel forms. In this context, it is fundamental to evaluate the physical habitat contribution to biodiversity conservation, and, in particular, the hydromorphological quality on the river (Newson and Large 2006) .
The aim of this research is the evaluation of the hydromorphological state of some mountain streams located in the Italian Alps, in Piedmont Region, in the Province of Verbano-Cusio-Ossola. In addition, statistical analyses were performed in order to assess the relationship between human influence and mountain rivers habitat quality. The evaluation of the hydromorphological state was based on the method CARAVAGGIO (Core Assessment of River hAbitat VAlue and hydromorpholoGIcal cOndition) (Buffagni et al. 2005 (Buffagni et al. , 2013 .
Methods
In recent decades, numerous hydromorphological assessment methods have been developed in different countries (Belletti et al. 2015) . This research is based on the CARAVAGGIO method, which is compliant with the Water Framework Directive (WFD) (European Commission 2000) . This method is based on the structure of the River Habitat Survey (Raven et al. 1997 (Raven et al. , 1998 . The analysis of the hydromorphological state of the rivers in the Province of Verbano-Cusio-Ossola has been performed by the Institute of Ecosystem Study, since 2009 (Dresti et al. 2011) . The data presented in this paper were collected before autumn 2013.
The CARAVAGGIO method allows operators to collect a great amount of information, useful in the description of river habitats, which are considered related to the hydromorphological conditions of the river. Each application of the method consists of two different stages: (1) a field survey, during which the operator collects many hydromorphological and hydrological characteristics of the stream and (2) the calculation of quality indexes with the CARAVAGGIO procedure.
In the first stage, data collection is performed on a selected 500 m segment along the longitudinal axis of the river: this segment is then divided into 10 sections (spotchecks), and in each section basic morphological channel features are registered; in particular, the type of flow, the type of material in the riverbed, the channel and the bank modifications, the type of vegetation and the land use. Furthermore, a synthetic description of the entire site (sweep-up) is required and includes some morphological forms and alterations such as the shape of the valley, the presence and number of riffles and pools, bars and sedimentation/erosion areas.
The data registered during the field survey are then elaborated with the CARAVAGGIO procedure. Four synthesis indexes are obtained, three of which have been considered in this research: (a) HQA (Habitat Quality Assessment), which allows to evaluate the river habitat diversification and quality, linked to the global quality of the site; (b) HMS (Habitat Modification Score), which quantifies the morphological alteration of the site and (c) LRD (Lentic-lotic River Descriptor), which characterises the site in terms of lentic-lotic features.
The HQA score is evaluated as the total of all the component scores in these categories: flow types, channel substrates, channel features, bank features, bank vegetation structure, point bars, in-stream channel vegetation, land use within 50 m, trees and associated features and special features such as debris dams, flush, bog. These features are registered both at spot-check and sweep-up level and the scores are summed up to obtain the value of HQA. As an example, considering the category flow type, each predominant flow type scores 1; if it occurs in 2-3 spotchecks, it scores 2 and if it occurs at 4 or more spot-checks, it scores 3. If only one type occurs at all spot-checks, the score will be 3. Dry channels score 0.
As regards the HMS index, its score for a site is the total of all the component scores in these main categories: modifications at spot-check, modification present but not registered at spot-check, scores for features in site as a whole. As an example, considering the category Modifications at spot-check, the feature reinforcement to banks scores 2, the feature reinforcement to bed scores 2, the presence of a culvert scores 8, and the presence of resectioned bank of bed scores 1.
As regards LRD index, being
Ch i : main channel (I) or secondary channel (II) a/n: artificial or natural x: number of the spot-check ww: width of the water for every single channel T ww : total width of the water
The total LRD is obtained as follows:
where LRD a represents the part of LRD due to artificial features of the channel and LRD n represents the part of LRD due to natural features.
It is possible to define the sum of the scores due, respectively, to the flow type (F), the channel substratum (S), the maximum depth of the water (D) and the vegetation in the channel (V):
As an example, considering the Flow type category, a dry or not perceptible flow scores 8, while a lotic flow scores -2.
For every spot-check, it is possible to evaluate the values of LRD n and LRD a :
For the whole site,
The complete procedure used to evaluate the three indexes is described in Online Resource 1.
The procedure used to evaluate HQA and HMS indexes is the same used in River Habitat Survey method and is also described in detail by Raven et al. (1998) . The procedure for LRD index is also described by CNR IRSA et al. (2010) . In order to evaluate the hydromorphological quality, HQA and HMS can be expressed in terms of Ecological Quality Ratio (EQR) (European Commission 2000; CNR IRSA et al. 2010) , as shown in Eqs. (7) and (8):
in which 54 is the median value for HQA in the Alpine region and 11 is the minimum value (CNR IRSA et al. 2010) .
in which 100 is the maximum value possible for HMS. A Global Hydromorphological Index (GHI) can be evaluated, as shown in Eq. (9):
It is possible to define 5 classes for each index, as shown in Table 1 . Since the Water Framework Directive states that the 'Good Ecological Status' should be reached, only three classes were considered for GHI (High, Good and Not Sufficient). LRD ranges between the values -75 (lotic conditions, typical of mountain streams) and ?90 (lentic conditions, which in a mountain stream can be found, i.e. upstream from a dam). A detailed description of this index can be found in CNR IRSA et al. (2010) .
The study area
The study area is located in the North-West of Italy, in Piedmont Region, in the Province of VCO (Fig. 1) . In particular, it includes river Toce and its main affluents: rivers Devero, Diveria, Bogna, Ovesca, Anza, Isorno and Melezzo Occidentale. Furthermore, other streams in the Province were considered, namely Melezzo Orientale, San Bernardino, San Giovanni and Cannobino. The territory is in the Alpine region and the Toce catchment is a typical glacial basin, with steep hillslopes bounding a narrow valley. The total drainage area is of about 1534 km 2 and its elevation ranges between 193 m a.s.l. at the outlet section to 4615 m a.s.l. at the Monte Rosa top. The average elevation is of 1641 m. The local climate is typically Alpine, with higher amounts of rainfall in autumn and spring and lower ones in winter. The mean annual precipitation is about 1700 mm, and snow covers the highest altitudes for most of the year (Mancini et al. 1998 (Mancini et al. , 2000 Montaldo et al. 2004) .
As regards the land cover, 90-95 % of the total area of the basin is constituted by steep hillslopes, mostly covered by trees on thin soil layers above bedrock. In general, 70 % of the land cover is formed by forest areas, 9 % by bare rocks, 7 % by agricultural uses, 6 % by natural grassland, 4 % by urban areas, 3 % by water bodies and 1 % by glaciers and perpetual snow (EC 1992) .
In river Toce catchment, 14 major reservoirs can be found, with a total effective storage capacity of about 151 9 10 6 m 3 .
As regards river San Bernardino, its drainage basin is 130.84 km 2 . The elevations range from 193 to 2301 m a.s.l. with a mean value of 1228 m a.s.l. (obtained from the hypsographic curve). The minimum elevation corresponds to the mean water level of Lake Maggiore (193.87 m a.s.l. for the period 1952-2013). The main characteristic of this catchment is that more than 70 % of the territory is above 1000 m a.s.l.; about 80 % of its territory is included in the Val Grande National Park and consequently it is almost inhabited and densely forested. The only anthropogenic modification of the drainage network is a dam on the left branch of the stream, which was built at the end of the 19 th century to store water for a paper mill and hydroelectric purposes. Since then, the use and management of the dam have not changed much, although the mill closed in 1985. This stream has thus been described as having a nivopluvial regime (Ciampittiello 1999) . The average annual rainfall for this catchment is 2254 mm.
The surface area of the San Giovanni drainage basin, located to the east of the San Bernardino, is 60.7 km 2 . The elevations range from 193 to 2156 m a.s.l. with a mean value of 914 m a.s.l. Only 40 % of the drainage basin is above 1000 m. a.s.l. This drainage basin is more densely Fig. 1 The study area. The black squares represent the sites where CARAVAGGIO surveys were carried out populated than that of San Bernardino. In addition, several anthropogenic modifications have affected its drainage network, since 1940s-50s, such as water diversions, dams of various types and sizes for hydropower production. Two more small dams are under construction. River San Giovanni is characterised by a pluvial regime and the average annual rainfall is 1860 mm (Ciampittiello 1999) .
As regards river Cannobino, the catchment area is 110.4 km 2 . The elevations range from 193 to 2193 m a.s.l. with a mean value of 1057 m a.s.l. This stream has a nivopluvial regime and the average annual rainfall for this catchment is 2155 mm. Cannobino is the only stream in the province of Verbano-Cusio-Ossola without anthropogenic modifications.
It is evident that reservoirs represent the greatest human impact in the research area and, for this reason, the method CARAVAGGIO was applied in 39 rivers segments (Fig. 1) , placed mostly in correspondence to, or immediately downstream or upstream from reservoirs, in order to evaluate the changes in the hydromorphological state of the river due to the presence of dams. In Fig. 2 , the CARAVAGGIO surveys sites are shown, with the land use. The names of the survey sites can be found in Figs. 3 and 4 , reading them from the left to the right, from 1 to 39.
Results

The indexes HQA and HMS
The HQA index values indicate the diversity of the hydromorphological features, in a river segment. For the rivers considered in this research, the HQA values range from 26 to 63, with values of EQR HQA , respectively, of 0.35 and 1.21. According to the classification by CNR IRSA et al. (2010), 1 among 39 sites is in poor quality conditions, while 14 among 39 sites are in high-quality conditions, which means that the naturalness and diversification of habitats are very good. Most of the sites (16 among 39) are in good conditions, while the remaining eight are characterised by moderate diversification of the habitats.
As regards the HMS index, it reflects the degree of anthropisation in the channel and river banks. For the research area, it ranges from 0 (site without anthropic Fig. 3 . The names of the sites of each river are written from the source to the outlet section of the streams reading from the left to the right.
The results in terms of GHI are reported in Fig. 4 . The line GHI = 0.63 and GHI = 0.85 represent the limit, respectively, between not sufficient and good quality, and between good quality and high quality.
From Fig. 4 , it is possible to notice that most of the sites have a good global hydromorphological quality, while just four sites are not in 'Good status'. Among these four sites (river Ovesca-Rovesca; river Devero-Osso; river Alto Toce-Fondovalle; river Melezzo Occidentale-Masera), two are placed in correspondence of big reservoirs, while the other two are placed in urban areas. As highlighted above, the site Fondovalle shows the highest HMS value of the entire sample, and the lowest GHI value.
In general, it is possible to notice that for river basins where the main human impacts are due to an increasing urbanisation from the upper to the lower part of the catchment, i.e. river Melezzo Occidentale, the HMS values increase from the source to the outlet section (EQR HMS decreases), while HQA index decreases. For the other streams, the higher the human impacts, the higher the HMS value: for example, for river Ovesca, at Rovesca site HMS is very high, but several kilometres downstream the quality has resulted very high, due to a particularly natural area.
The sites characterised by high GHI values are mostly placed in barely accessible areas (river Ovesca-Rivera; river Bogna-Pianezza; river Melezzo OccidentaleDruogno and a site placed upstream a natural freefall; three site in river Isorno catchment, in an uninhabited valley) or in the upper part of the catchments (river San BernardinoTuborg; river San Giovanni-upstream from Scareno; river San Giovanni-upstream and downstream from Ramello).
The values of EQR HQA and EQR HMS were compared, using linear regression, with the number of riffle-pool sequences, which are an important morphological structure for fish and macroinvertebrates (cfr. as an example Roussel and Bardonnet 1997) , with the length of the channel reinforcement, with the percentage of urbanised area around the considered segment (in an area of 50,000 m 2 ). The results are reported in Fig. 5 . In Fig. 5, case (a) , it is possible to notice the relationship between the indexes EQR HMS and EQR HQA and the number of riffle-pool sequences. This relationship is not significant (dotted lines) and the very low value of R 2 indicates that both EQR HQA and EQR HMS are very weakly correlated to this hydromorphological feature. This result is quite unexpected for the index HQA: even if in the streams of the Alpine region, the number of riffle-pool sequences is often quite low due to the morphology of the valleys (CNR IRSA 2007); in general, the higher the number of rifflepool sequences, the greater the diversification of the habitats. The weak correlation between EQR HQA and the number of pool-riffle sequences suggests that in the CARAVAGGIO method, other local characteristics may have a higher weight in the evaluation of the diversification of the habitats.
In Fig. 5 , case (b), the relationship between the indexes EQR HMS and EQR HQA and the percentage of urbanised area, in 50,000 m 2 around the analysed river segment, is shown. Even in this case, the value of R 2 is quite low, indicating a high degree of unexplained variance in these results.
The only clear relationship is visible in Fig. 5 , case (c), where it is evident the correlation between the index EQR HMS and the length of reinforcement (continuous line): the highest values of HMS index have been registered in the areas with extensive channel banks reinforcement. The corresponding values of HQA index reflect a lower diversification of the habitats. This result is in agreement with the results obtained by Bucala and Wiejaczka (2015) in their analysis of the hydromorphological state in Polish Carpathians. Buffagni et al. (2004 Buffagni et al. ( , 2009 ) highlight the importance of including the lentic-lotic character in the assessment of the ecological quality of a river. In fact, the importance of hydraulic conditions in influencing invertebrate taxa has been demonstrated by many authors (Chutter 1969; Extence et al. 1999; Dolédec et al. 2007 ). The index LRD is aimed at describing the site in terms of lentic-lotic features. It can range from -75 for very lotic sites to ?90 for very lentic sites.
The index LRD
In Fig. 6 , the results for the research area are shown. The index LRD ranges from the value -65 of the river Ovesca-Rivera, indicating very lotic conditions, to the value 5 of river San Giovanni-downstream from Ramello, indicating lentic conditions. It is possible to notice that the site Rivera is a completely natural site, with very high values of GHI and very low value of LRD, the most common situation in natural Alpine streams. On the other hand, it is possible to observe that the site downstream from Ramello on river San Giovanni is placed in a very natural context (high value of GHI), but it is just downstream from a water intake structure, which results in a lower amount of flow, causing lentic conditions. The values of LRD were compared with the river flow per unit of catchment area, measured during CAR-AVAGGIO application with the current meter, and with the velocity in section in the considered segment. In Fig. 7 , the results are shown.
From Fig. 7 , it is possible to notice that LRD seems weakly correlated to the river flow and very weakly correlated to the current velocity. These results are quite unexpected, since the river flow has a clear strong influence on the lentic or lotic nature of a stream.
Discussion and conclusions
The analysis of the hydromorphological state of the rivers in the Province of Verbano-Cusio-Ossola was very useful in highlighting some critical situations in terms of hydromorphological quality and diversification of the habitat in the territory. The method CARAVAGGIO allows operators to collect a great amount of information, regarding both the morphology and the hydrology of each site. These data, if combined with specific information regarding the human impacts in the basins (such as the land use and the placement of reservoirs and water withdrawals), are important in order to understand the main features influencing the quality of a river, sensu Water Framework Directive (2000) . The indexes evaluated with CARAVAGGIO have pointed out the sites where an intervention is necessary to restore the river hydrological and ecological functionality. In particular, HQA resulted higher in more natural areas, where the diversification of the habitats is very good, while HMS resulted higher when human impacts are evident, in particular in sites close to reservoirs or in urban areas. The typical case is river Melezzo Occidentale, in which no hydrological alterations were present (that is to say no reservoirs is present), and the indexes highlighted a decreasing of the quality of the habitats and an increasing of the hydromorphological alterations from the upper to the lower part of the basin. In general, the territory of the Province of Verbano-Cusio-Ossola resulted in good and high hydromorphological conditions in most of its sites, and this can be explained by the presence of many natural mountain areas, some of which are barely accessible. Furthermore, the change in land use in the last decades did not significantly change the urbanisation of most of the valleys. The main human impact in this mountain area is the presence of major reservoirs for hydropower production. These reservoirs induce a local morphological alteration that in some sites is very important (i.e. river Toce-Fondovalle), but this alteration does not seem to influence river segments placed at a great distance. Water intake structures induce a hydrological alteration that can be significant; however, this research shows that until now the hydromorphological quality of most of the analysed sites is good. It has to be noticed that, even if the hydromorphological quality is acceptable according to the Water Framework Directive, analyses on macroinvertebrates should be carried out to quantify the alterations induced by reservoirs on river fauna.
As regards LRD index, the values indicate lotic conditions in most of the sites, which is the expected condition in mountain streams. This could indicate that the water withdrawals do not change significantly the lentic-lotic character of the rivers in the Province and the greatest impacts can be observed downstream from water intake structures, where the river flow decreases and the current velocity is lower.
A deepened analysis of the relationship among the CARAVAGGIO indexes and some natural or artificial characteristics of the sites show a high degree of unexplained variability. In particular, the normalised indexes EQR HQA and EQR HMS were compared, using linear regression, with the number of riffle-pool sequences observed during the field surveys, the percentage of urbanised area in 50,000 m 2 around the river segment and the length of the channel banks reinforcement. The correlation between the indexes and these features is very weak, except for the index EQR HMS with the length of the reinforcement. These results are in part unexpected, since the higher the number of riffle-pool sequences, the higher the diversification of the habitats in general. Furthermore, the percentage of urbanised area around the CARAVAGGIO application does not seem to influence the EQR HMS index. While it is the first time that such research is carried out with method CARAVAGGIO, previous studies in the Polish Carpathians by Bucala and Wiejaczka (2015) using the River Habitat Survey method showed similar results. In particular, the index HMS showed a clear relationship with the length of reinforcement, while the index HQA seemed very poorly correlated with both the length of reinforcement and the number of buildings. These results may be clarified considering the complexity of the hydrological and the morphological processes in a river (in part considered in the CARAVAGGIO method), especially at a local scale, which depends on several external factors (e.g. precipitation, river flow, the slope of the riverbed, the slope of the catchment sides, the type of material in the bed and on the sides, etc.). These factors have local effects that can be very different not only from catchment to catchment, but also in different sections of the same river. The interactions among these external forces cannot be foreseen a priori.
The same considerations can be carried out for the relationship between LRD index and the main hydraulic parameters (river flow and mean current velocity). LRD represents an improvement compared to the River Habitat Survey and it was introduced to take into account the influence of the lentic-lotic conditions on the ecological quality of a river. However, LRD seems weakly correlated to the mean river flow in the considered segment and not correlated at all with current velocity, which is unexpected. This may be due to the fact that LRD considers the local hydraulic conditions, which are the most important variables for invertebrate taxa, and not the mean condition of the site. Furthermore, the procedure for the index calculation combines both qualitative and quantitative parameters: combined uncertainties on evaluation of each factor can produce an enhanced noise around the mean behaviour. Further analyses of this issue are worthwhile.
To conclude, the evaluation of the hydromorphological state of a river is very complex and should consider many different parameters. The indexes evaluated with the method CARAVAGGIO represent a synthetic assessment useful to identify priority intervention areas, where it is necessary to restore river functionality. However, these indexes are weakly correlated to some important parameters, in particular, the main hydraulic parameters, and this unexpected result should be analysed in more details in order to understand its causes.
